ABSTRACT Insects feeding in conifer cones are difÞcult to control with nonsystemic insecticides. Newly developed systemic insecticides that can be injected into tree trunks may be a possible way of reducing both insect damage and negative side-effects to the surrounding environment, compared with conventional spraying. Several insecticides that could be injected into tree stems were tested on Picea abies (L.) Karst. In one experiment, insecticides (bifenthrin, deltamethrin, abamectin, and imidacloprid) were injected during ßowering; in a second experiment two of these insecticides (abamectin and imidacloprid) were injected 1 yr before the expected ßowering. In the second experiment insecticide treatment was also combined with treatments with the ßower stimulating hormone, gibberellin (GA 4/7 ) . The only insecticide that reduced damage was abamectin, both after injection during ßowering and after injection 1 yr before the expected ßowering. Injections with GA 4/7 increased ßowering and were as efÞcient as the conventional application method of drilling but abamectin was not effective in combination with the drilling method. There was no negative effect of the insecticide injections on seed quality. The injections were ineffective against the seed chalcid Megastigmus strobilobius (Ratzeburg), which was found to have an unexpected, negative effect on seed quality. Our results suggest that it may be possible to reduce damage from certain insect species, and to increase ßowering by injecting abamectin and GA 4/7 in the year before a cone crop.
Seed orchards of coniferous tree species have been established in many countries to produce high quality seeds for forestation. Orchard seeds are heavier, have a higher germination rate compared with stand seeds, and result in seedlings with greater survival ). Further, the trees derived from orchard seeds grow faster than trees originating from seeds collected in the local forest (e.g., Rosvall et al. 2001 ) resulting in increased income and land value for the forest owner (Mangini et al., 2003 , Almqvist et al., 2008 . Because of these advantages, orchard seeds have a high market value (c €1,500/kg). However, insect damage from several insect groups common in Europe and North America greatly reduces seed production (Turgeon et al. 1994) .
In Scandinavia, four insect species frequently cause high damage levels in Norway spruce (Picea abies (L.) Karst.) seed orchards; the lepidopteran species Dioryctria abietella Den et. Schiff. (Pyralidae), Eupithecia abietaria Goetze (Geometridae), and Cydia strobilella (L.) (Tortricidae), and the dipteran Strobilomyia anthracina Czerny (Anthomyiidae) (e.g., Trägårdh 1917 , Spessivtseff 1924 , Annila 1973 , Rosenberg and Weslien 2005 . Two other pest species that can cause serious damage in some years are Plemeliella abietina Seitner (Diptera: Cecidomyiidae) and Megastigmus strobilobius Ratz. (Hymenoptera: Torymidae) (Annila 1966 , Annila 1973 , Skrzypczynska and Roques 1987 . Three species (S. anthracina, P. abietina, and C. strobilella) oviposit during ßowering, and three species (D. abietella, E. abietaria, and M. strobilobius) oviposit on cones (Annila 1979 (Annila , 1981 Roques 1983) . In Sweden the ßowering of P. abies mainly starts in early to midMay, cones are fully grown in mid-June and seeds are ripe in September. So far, none of the species above are known to have more than one generation per year in Scandinavia (c.f. Annila 1981, Rosenberg and Weslien 2005) . According to Rosenberg and Weslien (2005) , the larvae of S. anthracina leave the cones for hibernation during late-June to mid-July, E. abietaria larvae during August and D. abietella larvae during September. Larvae of S. anthracina and E. abietaria may remain in diapause for one or more years (Annila 1981 , Roques 1983 . Larvae of C. strobilella, M. strobilobius, and P. abietina remain in the cones or seeds until they emerge after one to several years (Bakke 1971 , Annila 1981 ).
Because of differences in feeding behavior, some species are more difÞcult to control than others. The larvae of D. abietella and E. abietaria that feed mainly on the inner part of the cone scales and occasionally move from cone to cone are easier to control with externally applied insecticides than the others, which live exclusively inside the cone (cf. Annila 1973, Rosenberg and Weslien 2005) . Besides the obvious direct effect of seeds being eaten, insects also can produce an indirect effect on seed quality by lowering nutrient ßow through damaged cone tissue (Simak 1955) .
In Sweden, the only registered insecticide for use in seed orchards is a variety of Bacillus thuringiensis. This biological insecticide is targeted against lepidopteran species. It has reduced the amount of damage caused by D. abietella and E. abietaria, but not by C. strobilella (Weslien 1999 , Glynn and Weslien 2004 , Rosenberg and Weslien 2005 . It is important to reduce damage caused by all the above species and other insecticides with expected low negative impact on environment and human health need to be evaluated.
Some studies have explored the use of relatively new systemic insecticides (azadirachtin, emamectin benzoate, imidacloprid, and abamectin) with promising results in pine (Helson et al. 2001 , Grosman et al. 2002 , elm (Sclar and Cranshaw 1996, Lawson and Dahlsten 2003) , and hawthorn (Gill et al. 1999) . These systemic insecticides are injected directly into stems thereby minimizing potentially harmful effects on the surrounding environment compared with conventional spraying (e.g., nontarget species, drift, worker exposure, etc.). Some of these tested insecticides have been shown to remain active for a year or more after injection (Sclar and Cranshaw 1996, Grosman et al. 2002) .
Injecting insecticides is time consuming compared with conventional spraying, but cost efÞciency could be enhanced if it could be combined with injections of the ßower stimulating hormone, gibberellin A 4/7 (GA 4/7 ). Application of GA 4/7 has been found to enhance the ßowering of, for example, Picea species substantially (Dunberg 1980 , Hö gberg and Eriksson 1994 , Brockerhoff and Rong 1997 . The function of gibberellins is described in reviews by Pharis and King (1985) and Pharis et al. (1987) . Because GA 4/7 treatment of at least Picea species must be done the year before ßowering in connection to the end of shoot elongation (e.g., Hö gberg and Eriksson 1994, Brockerhoff and Rong 1997), it is essential that the injected insecticide remains active in the tree for more than one season. Already 30 yr ago, Dunberg (1980) suggested a combination of GA 4/7 and insecticide or fertilizer. To our knowledge no studies have tested the combination of insecticide and GA 4/7 , and the efÞcacy is yet unknown. The current method for the use of GA 4/7 in Sweden requires drilling before application (Almqvist et al. 2007) .
The main objectives of the current study were to test the efÞcacy of different injected insecticides against cone-and seed-feeding insects, and GA 4/7 application with two different methods to increase the ßowering. SpeciÞcally: 1) How effective are the insecticides abamectin, imidacloprid, bifenthrin, and deltamethrin when injected during ßowering? 2) How effective are the insecticides abamectin and imidacloprid when injected the year before ßowering? 3) Is insecticide efÞcacy affected by injections of GA 4/7 ? 4) Is insecticide efÞcacy affected by the method used for applying GA 4/7 ?5) Are injections with GA 4/7 as effective as conventional application (drilling) in increasing ßowering intensity? 6) Is seed quality adversely affected by insecticide applications?
Materials and Methods
Study Site. The study was performed during 2005 and 2006 in a Norway spruce (P. abies) seed orchard, FP-504 Ålbrunna, located in the province of Uppland (59Њ 30Ј N, 17Њ 32Ј E), Sweden. The seed orchard was established between 1982 and 1987 on abandoned farmland and at the time of the study consisted of 137 clones of grafted spruce trees covering an area of Ϸ25 ha. The distance between the grafts was 4 ϫ 7 m and the height of the trees in 2006 was Ϸ8 m with a mean diameter at breast height (DBH) of 17 cm.
Equipment and Injections. The injection equipment used was Wedgle Direct-Inject tree injection unit from ArborSystems, Omaha, NE. With this equipment, a syringe is used to inject compounds through the bark into the phloem-xylem interface. The insecticides used were abamectin (Greyhound, 2% active ingredient [AI]), imidacloprid (Pointer, 5% AI), bifenthrin (7.9% AI), and deltamethrin (4.75% AI). All insecticides came from Arborsystems and were administered according to label instructions by injecting 1 ml doses approximately every 15 cm around each treeÕs circumference to give a Þnal dose that was 2Ð 4 ml per tree (DBH of these trees varied between 10 Ð20 cm, with a mean DBH of 15 cm).
Gibberellin A 4/7 (GA 4/7 , Valent BioSciences Corporation, Libertyville, IL) was applied using two different methods. In the Þrst method described by Almqvist et al. (2007) , holes were drilled in the stem (5 mm in diameter and 20 mm deep into the xylem oriented toward the ground at an angle of Ϸ30Њ and at a height of Ϸ1 m). In each hole, 0.1 ml GA 4/7 (concentration of 150 mg GA 4/7 /ml ethanol [95%]) was applied using a micropipette. The second method employed the same equipment as was used for the insecticide injections described above, by which 0.5 ml GA 4/7 (30 mg GA 4/7 /ml ethanol [95%] was applied per injection into the phloem. The reason for the greater volume when using the latter method was that the Wedgle Direct-Inject unit not could handle lower volumes than 0.5 ml. The total amount of GA 4/7 was, however, the same regardless of application technique. The number of holes or injection points per tree depended on tree diameter. Trees with DBH 7Ð15 cm received 2 ϫ 15 mg, trees with DBH 15Ð20 cm received 3 ϫ 15 mg, and trees with DBH 20 Ð25 cm received 4 ϫ 15 mg of GA 4/7 . The mean DBH of the GA 4/7 treated trees in experiment 3 was 17 cm.
Experiment 1: Insecticides Injected in the Same Year as Flowering. This experiment was initiated in 2006 and evaluated the efÞcacy of different insecticides when injected during ßowering. The treatments were: untreated control (c), water injection (w), and injections of abamectin (a), imidacloprid (i), bifen-thrin (b), and deltamethrin (d). All treatments were applied to blocks of six adjacent trees, each block of treatments being replicated 20 times, to give a total of 120 trees. The injections were carried out between 10 May and 11 May during early ßowering.
Experiment 2: Insecticides and GA 4/7 Injected the Year Before Flowering. Experiment 2 evaluated if insecticides still are effective 1 yr after injection, if insecticide efÞcacy is affected by GA 4/7 application, and if different GA 4/7 application methods affects insecticide efÞcacy. The insecticides were injected in 2005, the year before the expected ßowering. The treatments were: untreated control (c), water (w), GA 4/7 injected (ginj), GA 4/7 drilled (gdrill), abamectin (a), abamectin ϩ GA 4/7 injected (aginj), abamectin ϩ GA 4/7 drilled (agdrill), imidacloprid (i), imadacloprid ϩ GA 4/7 injected (iginj), and imidacloprid ϩ GA 4/7 drilled (igdrill). As far as possible, treatments were replicated within 10 different clones (for GA 4/7 treated trees, four to six clones were used for each application technique to give a total of 10 clones). However, not all injected trees ßowered the year after injection, which made the design somewhat unbalanced with respect to clone. The number of replicates by treatment were as follows (c) and (i) 10; (w) and (a) 9; (aginj), (iginj), and (ginj) 4; (agdrill) 5; and (gdrill) 6. The GA 4/7 was applied between 7 July and 8 July, and only of practical reasons the insecticides were injected about a month later (17 August).
Experiment 3: Flowering Intensity and GA 4/7 Application Method. This experiment evaluated if two different GA 4/7 application methods vary in efÞcacy to enhance ßowering. The study contained three treatments: untreated control, GA 4/7 injected, and GA 4/7 drilled. The study trees were injected with GA 4/7 on 7 July and 8 July 2005. An area of Ϸ10 ha of the orchard, was included in the study. Treatments and controls were alternately allocated to each row such that all odd-numbered rows were assigned as untreated controls, and all even-numbered rows were alternately assigned GA 4/7 injected or GA 4/7 drilled. This gave a total of 3,102 trees, with half of the trees (1,566) as controls and the other half divided between the two different injection methods (791 injected and 745 drilled).
Sampling. The cone picking for the insecticide experiments, experiments 1 and 2, started in late September when seeds were mature. On each tree included in the experiments, three branches were randomly selected and all cones on these branches were picked and examined in the Þeld for visible signs of damage. Cones infested by D. abietella/E. abietaria were identiÞed by the presence of excrements and tissue necrosis of the coneÕs surface. It was not possible to discriminate visible damage of D. abietella and E. abietaria at the time of picking, because most larvae of both species already had left the cones. However, through cone dissection and larval counts throughout the summer both appeared in similar numbers and thus their damage was grouped as D. abietella/E. abietaria damage.
Cones infested by S. anthracina were identiÞed by the presence of an excrement-Þlled resin ball, together with evidence of the cones being bent. All cones were taken to the laboratory (4,636 from experiment 1 and 1,484 from experiment 2), where a subsample of Þve cones per tree were randomly chosen and sliced into four pieces in the laboratory to Þnd presence of C. strobilella larvae. Untreated cones (c) were dissected Þrst and because of the very low number of C. strobilella larvae found in these cones, dissection was discontinued.
Seed analysis was performed on a random sample of cones without visible insect damage. The sample consisted of two cones per tree adding up to a balanced sample between treatments as far as possible (72 trees in experiment 1 and 67 trees in experiment 2).
The estimation of ßowering intensity on untreated trees and trees treated with the two GA 4/7 application methods was carried out in May 2006. Female and male ßowering on a random sample of 1,040 trees was classiÞed according to its intensity from 0 (no ßowers) to 9 (corresponding to the most abundant ßowering in the orchard). The trees were not marked with the estimated score, why it was not possible to correlate the ßower score to the resulting number of cones.
Seeds. To test insecticide efÞcacy against seed insects and if insecticides were harmful to the seeds, seeds were analyzed at SkogforskÕs seed laboratory at Sävar. The cones were dried to release the seeds, and the seed wings were then removed mechanically. The number of seeds per cone was counted with a mechanized seed counter, and seed weight per 1,000 seeds was measured (empty seeds were removed before counting). The number of seeds containing a developed embryo (Þlled seeds) and the number of insect infested seeds were measured by using x-ray images (Mü ller-Olsen et al. 1953 , Simak and Gustafsson 1954 , Simak 1955 .
The x-ray analysis of the seeds also revealed the presence of P. abietina and M. strobilobius larvae. Simak (1955) describes, with x-ray images, how to distinguish between different insect species in Norway spruce seeds, and Wiersma (1973) states that M. strobilobius larvae leave the membrane inside the seed coat intact, whereas P. abietina empties the seed totally. Seeds with parasitoids (Torymus azureus Boheman, T. caudatus Boheman, Aprostocetus strobilanae Ratzeburg, and Platygaster contorticornis Ratzeburg (Trägårdh 1917 , Holste 1922 of P. abietina might thus be distinguished from seeds with M. strobilobius by the absence of a membrane.
Statistical Analyses. General linear models (GLM) were used for analysis of all experimental data using SAS 9.2 statistical software (SAS Institute 2008). Response variables for insect damage and seed quality were subjected to ShapiroÐWilkÕs test for normality. Data were visually examined for evidence of kurtosis or skewness, and visual interpretations were made of the residuals in normal-probability plots.
In experiment 1 (insecticide injections, 2006), the response variables, Ôpercent infested cones,Õ and seed quality (number of Þlled seeds and the weight per 1,000 seeds) were analyzed in a one-way analysis of variance (ANOVA). DunnettÐHsuÕs test was used to compare the untreated control (c) against each of the other treatments.
In experiment 2 (gibberellin plus insecticide injections, 2005), the response variable percent infested cones was analyzed in a two-way ANOVA (clone as a random factor, and treatment as a Þxed factor). The treatment sums of squares were partitioned in nine contrasts using formulas that adjust for unequal replication (Howell 2010) . The contrasts were planned so that the two treatments without any insecticide or gibberellin, (w) and (c), were compared with each other, with the six different treatments containing any insecticide, and with the two gibberellin treatments without insecticide. In addition, the two insecticide treatments without gibberellin were compared with the four treatments that included both an insecticide and gibberellin (Table 1 ). For analysis of seed quality (number of Þlled seeds and the weight per 1,000 seeds) and effect on the seed insect M. strobilobius, a two-way ANOVA (clone as a random factor, and treatment as a Þxed factor) was used. For two clones (1,036 and 3,366) with higher infestation rate of the seed insect M. strobilobius a simple linear regression (Proc. Reg., SAS Institute, 2008) was used to estimate the possible effect on number of Þlled seeds. Number of seeds infested by M. strobilobius as independent variable and Þlled ϩ M. strobilobius infested seeds (as these hypothetically were Þlled at the time of infestation) and seed weight per thousand seeds as dependent variables.
In experiment 3 (ßowering intensity) the response variables, male and female ßowering, were analyzed in a two-way ANOVA (block as a random factor, and treatment). The TukeyÐKramer test was used for the adjustment of planned comparisons between the three treatments (control, GA 4/7 injected, GA 4/7 drilled).
Results
The infestation rate of S. anthracina (Ͻ2%), P. abietina (0%), and C. strobilella (Ϸ2%) found, were considered too low for any meaningful statistical evaluation to take place, why they were excluded from the study. This left three species, two of which (D. abietella and E. abietaria) had their combined damage estimated in the Þeld, and one (M. strobilobius) for which the number of colonized seeds was counted on x-ray slides (experiment 2 only). Experiment 1. Only abamectin injected trees (a) showed signiÞcantly lower infestation rates (from 38 to 22%) by D. abietella/E. abietaria (F ϭ 2.39; df ϭ 5, 95; P Ͻ 0.05) than untreated trees (c) (P Ͻ 0.05; Fig.  1 ). Insecticide treatment did not affect the seed quality, either in terms of seed mass per 1,000 seeds (mean weight: c, 6.9 g; w, 7.3 g; a, 7.2 g; i, 6.9 g; b, 7.2 g; and d, 6.8 g) or number of Þlled seeds (mean number: c, 168; w, 191; a, 184; i, 145; b, 154; and d, 177 ) (F ϭ 0.56; df ϭ 5, 66; P ϭ 0.73 and F ϭ 1.89; df ϭ 5, 66; P ϭ 0.1, respectively).
Experiment 2. Infestation rate by D. abietella/E. abietaria was reduced after injections with abamectin alone (a) (from Ϸ40 to 24%), and when abamectin and GA 4/7 (aginj) were both injected (from Ϸ40 to 26%) (contrasts C2 and C4), but not when an abamectin injection was combined with drilled GA 4/7 (agdrill, contrast C6) (Table 1; Fig. 2) . None of the remaining six contrasts: C1 (water vs. control), C3, C6, C7 (with and without imidacloprid), C8 and C9 (with and without GA 4/7 ), were statistically signiÞcant. There was a signiÞcant effect of ÔcloneÕ for infestation rate by D. abietella/E. abietaria (Table 1) .
Insecticide treatments did not have any signiÞcant effect on seed-feeding by M. strobilobius (F ϭ 0.84; df ϭ 9, 48; P ϭ 0.58), the number of Þlled seeds (varying between 139 for agdrill to 201 for iginj; F ϭ 0.9, df ϭ 9, 48, P ϭ 0.49), or the seed weight (varying between 6.3 g per thousand seeds for ginj to 6.9 g per thousand seeds for iginj; F ϭ 0.7, df ϭ 9, 48, P ϭ 0.71). The number of Þlled seeds and seed weight varied 
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Two-way ANOVA with D. abietella /E. abietaria infestation rate as response variable and treatment (Þxed) and clone (random) as independent variables. Treatment effect was partitioned in contrasts (C1ÐC9). Denominator df ϭ 48. R 2 ϭ 0.25. Untreated control (c), injections of: water (w), abamectin (a), abamectin ϩ GA 4/7 injected (aginj), abamectin ϩ GA 4/7 drilled (agdrill), imidacloprid (i) and imidacloprid ϩ GA 4/7 injected (iginj), imidacloprid ϩ GA 4/7 drilled (igdrill), GA 4/7 injected (ginj), and GA 4/7 drilled (gdrill). signiÞcantly between the clones (F ϭ 13.3; df ϭ 9, 48; P Ͻ 0.0001 and F ϭ 8.6; df ϭ 9, 48; P Ͻ 0.0001, respectively) as well as the number of seeds infested by M. strobilobius (F ϭ 7.3; df ϭ 9, 48; P Ͻ 0.0001).
Simple linear regressions showed that as the number of M. strobilobius per cone increased, the number of seeds (P Ͻ 0.01) and seed weight (P Ͻ 0.05) decreased. The regression analyses indicate that for every infested seed, one additional seed will be empty (Fig. 3a) and that seed weight decreases with the number of infested seeds (Fig. 3b) .
Experiment 3. There was statistically signiÞcant increase in both male (F ϭ 5.98; df ϭ 2, 1024; P Ͻ 0.01) and female (F ϭ 29.8; df ϭ 2, 1022; P Ͻ 0.0001) ßowering intensity after both methods of GA 4/7 treatment compared with the untreated control. The effects of the two GA 4/7 treatments were similar regarding male and female ßowering intensity (Table 2) .
Discussion
In both experiments, only abamectin reduced the proportion of cones damaged by D. abietella and E. abietaria. The effect when compared with control treatments, was almost identical in experiment 1 (injection same year as ßowering) and experiment 2 (injection the year before ßowering), indicating that abamectin remains potent for at least 1 yr after injection. The level of damage reduction by abamectin was not as good as was found after injections of ememectin benzoate in pine (Ϸ95%) (Grosman et al. 2002) , or abamectin in hawthorns (100%) (Gill et al. 1999 ). This might be because of the active ingredient per se and/or differences in the injection technique, the injection volumes, or in the tree and insect species studied.
The main purpose of the injections in 2005 was to investigate whether abamectin and imidacloprid would decrease insect damage 1 yr after injection and if so, possible to combine one or the other with GA 4/7 to improve the cost effectiveness of this control operation. The hypothesis that abamectin and imidacloprid should be effective for at least 1 yr in spruce was based on the results of ememectin benzoate trials in pine (Grosman et al. 2002) and abamectin and imidacloprid in elm (Sclar and Cranshaw 1996) ; but the hypothesis held true only for abamectin. However, our result suggests that the application of GA 4/7 by drilling reduced the efÞcacy of abamectin. In the study by Grosman et al. (2002) , the insecticide was injected into drilled holes, yet it reduced damage from Dioryctria spp. by Ϸ95%; so the form of the wound per se should not be an issue regarding efÞcacy. One explanation might be that the drilling induced a wound response in the tree that hampered the later injected Untreated control (c), injections of: water (w), abamectin (a), abamectin ϩ GA 4/7 injected (aginj), abamectin ϩ GA 4/7 drilled (agdrill), imidacloprid (i), and imidacloprid ϩ GA 4/7 injected (iginj), imidacloprid ϩ GA 4/7 drilled (igdrill), GA 4/7 injected (ginj), and GA 4/7 drilled (gdrill). The trees were given scores according to their ßowering intensity from 0 (no ßowers) to 9 (corresponding to the most abundant ßow-ering in the orchard). Means followed by the same letter are not statistically signiÞcant. The signiÞcance level was set to 0.05, and multiple comparisons were adjusted according to TukeyÐKramerÕs test.
insecticide from spreading to the cones. According to Christiansen et al. (1999) , Krokene et al. (1999) , and Nagy et al. (2000) wounds can activate defense mechanisms in P. abies. Nagy et al. (2000) found that within 9 d the cambial zone could swell over an area with a radius of 5 cm from the wound. In our study, insecticides were injected Ͻ5 cm from the drilling wound, and about 1 mo after drilling. Thus, had abamectin injection and GA 4/7 drilling been done at the same time, the inßuence of the wound response may have been lower and insecticide efÞcacy higher.
The insecticide in our study was injected into the phloem-xylem interface, which has a bidirectional ßow. Consequently, lower amounts of injected insecticide may have reached the cones than had it been injected into the xylem similarly as done by Grosman et al. (2002) . To avoid wounds caused by drilling into seed orchard trees, a future study should evaluate stem injections in the xylem using equipment as used in the current study and also analysis of the insecticide content in the cones.
The method of applying GA 4/7 by injection generated promising results with ßowering increased to levels similar to those achieved by conventional method of drilling. Not only does the possibility of injecting gibberellins reduce the extent of tree wounding compared with drilling that is currently used in Swedish seed orchards (Almqvist et al. 2007) , it also halves the application time.
It is crucial that insecticides used do not have any harmful effects on the seeds. Previous studies of systemic insecticides have had mixed results regarding seed quality (Johnson and Rediske 1965 , Hedlin 1973 , Roques et al. 1996 . The injections of abamectin and imidacloprid in our study did not harm the seeds.
Neither of the two substances (abamectin and imidacloprid) reduced damage by the seed chalcid, M. strobilobius, but it was not possible to assess whether they had adversely affected the vitality of M. strobilobius since the heating process during seed extraction killed the insects. Poor efÞcacy against seed insects with systemic insecticides has previously been reported (Johnson and Rediske 1965 , Annila 1973 , Roques et al. 1996 , implying that they are very difÞcult to control.
Seed quality was seemingly affected by M. strobilobius, as revealed by fewer and lighter Þlled seeds in cones with high infestation rate compared with cones with low infestation rate. Because M. strobilobius oviposit at the beginning of seed maturity in fully grown cones (Annila 1981, Skrzypczynska and Roques 1987) , they are most likely dependent of fertilized seeds (Þlled seeds) for larval development. This is in contrast to M. spermotrophus Wachtl., which oviposit before seed fertilization and can develop in unfertilized seeds of Douglas Þr by preventing seed abortion (e.g., Niwa and Overhulser 1992, Rouault et al. 2004 ). This implies that M. strobilobius can be a serious pest species in years with high abundance, especially because they are difÞcult to control with insecticides.
Despite the greater cost to apply injectable insecticide compared with conventional spraying with airblast prayer (Rosenberg and Weslien 2005) , the treatment can be economically justiÞed. The reason for this is the high economic value of seed orchard seeds. In the current study, the combined treatment of insecticides and GA 4/7 were actually made by performing the injections on two separate occasions. To be even more cost-effective, insecticide and GA 4/7 injections should be made simultaneously. Future testing and development of such methods should be given a high research priority.
